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ABSTRACT: 
The Halo thruster is a cusped field thruster 
currently under investigation at the Surrey Space 
Centre, University of Surrey. The concept concerns 
the addition of a novel toroidal cusp layer, the 
“halo”, to a magnetic field topology closely 
resembling that of the Cylindrical Hall Thruster. 
Preliminary low resolution maps are presented of 
plasma potential, electron temperature and plasma 
density within an electromagnet Halo thruster 
discharge channel, produced using a 2-axis 
translating Langmuir probe arrangement. Potential 
drops are observed in both the annular and 
cylindrical parts of the discharge channel, and a 
region of high plasma density is revealed on the 
central axis in the cylindrical part, suggesting 
performance may be improved by adopting a 
purely cylindrical geometry.  
 
1. INTRODUCTION 
Hall Effect Thrusters (HETs) are increasingly being 
considered for use in small satellite applications 
due to significant propellant mass savings 
achievable versus chemical propulsion systems, 
and their growing flight heritage in Low Earth Orbit 
(LEO), Geostationary Earth Orbit (GEO) and cis-
lunar space [1, 2]. They have a proven heritage as 
an Electric Propulsion (EP) solution to 
manufacturers of GEO telecommunications 
platforms, and are now a favoured solution as a 
result of their greater thrust and lower voltage 
requirements versus Gridded Ion Thrusters. HETs 
are currently used in the commercial domain 
primarily for station-keeping manoeuvres, and are 
expected over the coming years to take on an 
increasingly large fraction of the propulsion 
workload, with increasing numbers of all-electric 
spacecraft on the horizon [3].  
 
Plans recently announced for large LEO 
constellations of small satellites provide motivation 
for the development of EP systems that can work 
effectively at low powers and be developed at low 
cost. Unfortunately, HETs are not likely to fulfil 
these requirements in their current form – when 
scaling to lower powers and smaller discharge 
channel diameters, the efficiency of the annular 
design reduces significantly. This is a result of 
increased surface to volume ratio, leading to 
greater particle losses to the thruster walls, and 
difficulty in producing sufficiently high magnetic 
fields to keep scaling parameters constant [4]. 
 
As a result, in recent decades a variety of Cusped 
Field Thruster (CFT) concepts have been 
developed, which aim to mitigate these efficiency 
losses at small sizes and powers while maintaining 
the advantages of the HET mechanism, through 
alternative magnetic field topologies involving 
magnetic cusps. Well-studied examples include the 
Cylindrical Hall Thruster (CHT) [5], High Efficiency 
Multistage Plasma Thruster (HEMPT) [6] and 
Diverging Cusped Field Thruster (DCFT) [7]. 
These devices have exhibited comparable 
performance to miniaturised HETs and are more 
scalable to low powers relevant to small satellite 
propulsion. 
 
The development of new EP concepts for small 
satellite propulsion is a major topic of research at 
the Surrey Space Centre, University of Surrey. 
One CFT concept under development at Surrey, 
the Quad Confinement Thruster (QCT), uses a 
quadrupole magnetic cusp configuration to allow 
steering of the outgoing ion beam [8]. Recent work 
has focused on the development of flight hardware 
in collaboration with Surrey Satellite Technology 
Ltd., in preparation for technology demonstration 
on the NovaSAR mission [9]. A second CFT 
concept, the Halo thruster, is at an earlier stage of 
development, and forms the subject of this paper. 
 
The Halo thruster concept concerns the addition of 
a novel feature to a magnetic field topology broadly 
resembling that of the CHT. The thruster’s magnet 
configuration produces a toroidal cusp layer close 
to the anode, within which the magnetic field 
cancels exactly to zero. This “halo” cusp layer 
gives the thruster its name. Fig. 1 shows a 
schematic and simulated magnetic field for a proof-
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of-concept permanent magnet prototype. Two 
axially polarised NdFeB magnets have their axes 
of magnetisation aligned to produce two cusp 
regions, the halo near the anode and a cusp at the 
discharge channel exit along the centre-line of the 
device. 
 
The motivation for the introduction of these 
additional cusped features is to further promote 
electron confinement away from the channel walls, 
and enhance thrust efficiency at lower levels of 
power compatible with a small satellite platform. It 
is speculated that the cusp structures bounding the 
halo might act in a similar fashion to cusps in other 
CFTs, resulting in a local increase in plasma 
density and/or electron temperature through 
magnetic mirror confinement. There also exists the 
possibility of reducing the anode voltage by 
providing a path of lower resistance to the anode 
through the halo, which would have benefits for 
spacecraft systems integration. 
 
 
Figure 1. Schematic and simulated axisymmetric 
magnetic field of a permanent magnet Halo 
thruster. The anode is displayed in red and the 
discharge channel walls in light grey. 
Measurements of performance carried out using a 
pendulum thrust balance have shown the 
performance of an electromagnet Halo thruster 
prototype to be comparable to that of other CFTs, 
but little is currently known about its internal 
mechanisms compared to the CHT [10]. The 
experiment described below was carried out to 
gain a first insight into the physics underlying the 
thruster. The aim was to produce preliminary low-
resolution maps of the plasma potential, electron 
temperature and plasma density within the 
discharge channel, using a translating Langmuir 
probe, with the intention of corroborating these 
measurements with more detailed future studies to 
be carried out using, for example, a translating 
floating emissive probe. 
 
 
 
2. EXPERIMENTAL SETUP 
2.1.  Electromagnet Halo Thruster 
 
Fig. 2 displays the electromagnet Halo thruster 
used in this experiment. This is the same device 
for which performance measurements were made 
previously [10]. The discharge channel, of outer 
diameter 50 mm, consists of an annular section, of 
20 mm inner diameter, 14 mm length, and a 
cylindrical section, of 35 mm length. The 
architecture and field topology have a close 
resemblance to that of electromagnet CHT 
designs, with the key difference of the halo cusp 
layer [5].  
 
 
Figure 2. Schematic and simulated axisymmetric 
magnetic field of the electromagnet Halo thruster, 
used in this study. The anode is displayed in red 
and the discharge channel walls in light grey. 
 
The location of the halo can be seen in Fig. 3, from 
a survey of the radial magnetic field strength along 
axial paths at the inner and outer radii of the anode 
(r = 12 mm and r = 24 mm, blue and green lines in 
Fig. 2 respectively), conducted using an F. W. Bell 
5170 Gauss-meter and the probe translation stage 
described below. The cusp layer is visible at the 
anode outer radius, shortly before the transition 
from annular to cylindrical channel geometry. 
Nominal operating conditions for the thruster of 10 
sccm Kr (~ 0.6 mg/s) anode flow and 2 A coil 
current were used throughout the experiment. The 
discharge voltage was held constant at 84 V, 
resulting in a discharge current of 1 A. A low power 
condition was chosen to minimise stresses on the 
thruster and translating Langmuir probe over an 
extended period of testing.
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Figure 3. Survey of radial magnetic field strength 
along two axial profiles. The transition from annular 
to cylindrical channel geometry is indicated by a 
dashed line. The halo cusp layer can be seen in 
the reversal of the field at around 10 mm from the 
anode along the outer radius. 
 
2.2.  Langmuir Probe Diagnostics 
 
The Langmuir probe is an extensively studied tool 
in the field of low temperature and low pressure 
plasma diagnostics, having been originally 
developed in the 1920s [11]. Since Langmuir’s 
work, many methods for invasive measurement of 
plasma parameters have been developed, offering 
advantages such as greater accuracy, reduced 
discharge perturbation or elimination of the need 
for a sweep in bias voltage. However, the relative 
simplicity of implementation of the original 
technique, and its utility in allowing the 
simultaneous measurement of multiple plasma 
parameters, made it the clear choice for a first 
attempt at mapping relative changes in plasma 
potential, electron temperature and plasma density 
across the discharge channel.  
 
A Langmuir probe consists of a wire to which a 
sweep in bias voltage is applied, from highly 
negative to highly positive relative to ground. The 
wire must withstand the harsh plasma 
environment, and so is usually made of a refractory 
metal and supported within a ceramic shaft. The 
net current drawn from the plasma to the exposed 
probe tip is the sum of ion and electron fluxes, and 
depends on the structure of the plasma sheath 
around the probe tip at different bias voltages. 
Plotting collected current against probe bias 
voltage yields an I-V trace from which the bulk 
plasma parameters can be extracted. Simplifying 
assumptions about the likely structure of the 
sheath in different regions of the trace are made, 
and parameters are estimated by fitting the 
resulting theoretical predictions to the data. A large 
body of literature exists concerning the 
interpretation of Langmuir probe traces in a variety 
of plasmas [12, 13, 14, 15]. 
 
Analysis of collected traces in this experiment 
proceeded as follows, following standard 
collisionless probe theory outlined in [12, 13]. The 
floating potential was first identified, by seeking the 
intersection of the trace with the voltage axis. A 
linear fit was then made to the ion saturation 
region, and extrapolated across the entire voltage 
range (up to 100 V) to estimate the ion current. 
The ion saturation current was taken to be the 
extrapolated value of the ion current at the floating 
potential, and the estimated ion current was 
subtracted from the total current trace to obtain an 
electron current trace. By taking the natural 
logarithm of the electron current and fitting lines to 
the transition and electron saturation regions, 
values for the plasma potential and electron 
temperature were obtained; the plasma potential 
from the intersection of the two lines, and the 
electron temperature from the inverse gradient of 
the semi-log trace in the transition region. Finally, 
the plasma density was evaluated using the 
calculated values of the ion saturation current and 
electron temperature. 
 
The dimensions of the exposed probe tip relative 
to important length scales in the plasma are crucial 
in determining the validity of the assumptions used 
in trace analysis. Considerations for translating 
Langmuir probe interrogation of HETs are 
described comprehensively in [16], and have been 
taken into account in this experiment for the less 
demanding requirements of a low power CFT. 
 
The first parameter to consider is the Debye 
length, λD, which sets the length scale of the 
sheath: 
 
λD = √
ε0kBTe
nee
2
  
(1) 
 
where Te is the electron temperature and ne is the 
plasma density. λD sets a minimum length for the 
probe: in order to minimise end effects brought on 
by the collection of accelerated particles in plasma 
flowing parallel to the probe, the probe length 
should be much greater than λD. It is also important 
in determining the diameter of the probe, in that it 
determines the regime in which the probe 
operates. If the diameter of the probe is large with 
respect to λD, such that the collection area of the 
sheath is essentially the surface area of the probe 
tip, the thin sheath approximation can be used to 
estimate the plasma density. In this case, the ion 
saturation current, Isat, is equated to the Bohm 
current, giving: 
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Isat = αnieA√
kBTe
mi
 
(2) 
 
where ni is the plasma density (quasineutrality 
enforces ne = ni), α ~ 0.61 is the Bohm coefficient, 
A is the surface area of the probe tip (ignoring the 
end of the tip provided the length is much greater 
than the diameter) and mi is the ion mass. In using 
Eq. 2 to calculate the plasma density, it is implicitly 
assumed that all ions entering the sheath are 
immediately collected by the probe tip. More 
complex effects such as sheath expansion with 
increasingly negative voltage and orbital motion of 
ions are ignored, but provided the probe diameter 
is sufficiently large relative to λD throughout the 
discharge channel, this simplified method should 
be sufficient for resolving relative variations in 
density. In this experiment, it was found that the 
ion saturation current was a good measure of 
relative changes in density, and that corrections 
due to changes in electron temperature tended to 
be small.  
 
In using a Langmuir probe to interrogate a Hall 
effect discharge, another essential consideration is 
the effect of the magnetic field on the collection of 
current by the probe. This can be mitigated by 
appropriate sizing of the probe relative to the 
electron gyroradius, re: 
 
re = 
meve
eB
 = 
√mekBTe
eB
  
(3) 
 
where ve is the thermal velocity of electrons and B 
is the magnetic field strength. 
 
The ion gyroradius is much greater everywhere in 
the channel than any typical probe diameter of 
order 1 mm or less, and so current collected by the 
probe in the ion saturation regime is not strongly 
affected by the magnetic field. However, if a probe 
is oriented parallel to the magnetic field and its 
diameter is larger than re, the current drawn at 
electron saturation will be suppressed, as electrons 
in the bulk of the distribution cannot easily traverse 
the magnetic field lines. This leads to 
overestimation of the electron temperature, as only 
electrons in the tail of the distribution can be 
collected. The “knee” of the trace, from which the 
plasma potential is estimated, is also more difficult 
to identify, and indicates the potential only of 
plasma along the magnetic field lines parallel to 
the probe, and not the potential of the bulk plasma. 
These problematic effects are reduced when the 
probe diameter is less than the electron gyroradius 
(so that electron trajectories to the probe are 
approximately linear) and when the probe is 
oriented perpendicular to the magnetic field.  
In addition to the above microscopic phenomena to 
be considered in sizing a probe, the macroscopic 
effects of introducing a probe into the discharge 
channel must also be evaluated. Perturbation to 
the discharge being measured is an unavoidable 
consequence of invasive probe techniques, and 
must be characterised in order to have confidence 
that the parameters measured are representative 
of those in the unperturbed discharge. A smaller 
probe diameter results in reduced perturbation, 
and also has the additional benefit of improved 
spatial resolution. Probe-induced perturbations are 
typically characterised by monitoring the change in 
discharge current as the probe is inserted into the 
channel [16, 17]. In this experiment, the change in 
discharge current did not exceed 10%, and was 
most significant at points surveyed near the anode, 
for which the probe was maximally inserted. This 
relatively minor perturbation was surprising given 
the size of the perturbations reported in [17], and 
may be a result of the low power condition 
surveyed in this case. 
 
Consider some worst case outcomes for λD and re. 
Taking high electron temperature and low density 
extreme values, Te = 10 eV and ne = 5 x 10
17
 m
-3
, 
λD ~ 0.03 mm. Taking low electron temperature 
and high magnetic field extreme values of Te = 1 
eV and B = 400G, re ~ 0.06 mm. Probe tip 
dimensions of 0.1 mm diameter and 1 mm length 
were chosen to give a reasonable compromise 
across the discharge channel between larger 
probe dimensions, desired for validity of the thin 
sheath approximation, and smaller probe 
dimensions, desired for mitigated magnetic field 
effects, reduced discharge perturbation and 
improved spatial resolution. The probe wire was 
housed within a 1 mm outer diameter double bore 
alumina tube, of 150 mm length. A schematic of 
the probe biasing circuitry is shown in Figure 4. 
 
 
Figure 4. Schematic of Langmuir probe biasing 
circuitry. Probe bias voltage and current signals 
were measured by LabVIEW relative to ground. 
The bias sweep generator consisted of a bespoke 
10x amplifier, which had inputs of - 10 V to + 10 V 
generated by LabVIEW. 
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National Instruments LabVIEW software and a 
PCI-6221 PC data acquisition card were used to 
produce a voltage sweep from -10 V to 10 V, 
consisting of 101 points, and to measure the 
resulting probe voltage and current signals. The 
voltage sweep was increased to -100 V to 100 V 
using a bespoke amplifier, and the resulting 
voltage applied to the probe was measured via a 
100 kΩ : 1 kΩ  potential divider. The current drawn 
by the probe was measured using a 100 Ω shunt 
resistor and an AD629ANZ differential amplifier, 
the inputs of which floated at the probe voltage. 
Each recorded voltage/current value was 
calculated from the mean of 100 voltage 
measurements, acquired at a sampling rate of 100 
kHz. Each bias sweep typically lasted 
approximately 2 s. Fig. 5 displays an example of a 
raw trace obtained with this setup. 
 
 
Figure 5. Example Langmuir probe trace. 
 
2.3.  Probe Translation Stage 
 
In order to generate maps of plasma potential, 
electron temperature and plasma density, the 
Langmuir probe of Fig. 4 was mounted to a 
translation stage, which slowly moved the probe to 
a series of points within the discharge channel. It 
was not thought that a costly and complex fast 
probe translation stage, as used in [5, 16], was 
necessary for this experiment, as a result of the 
low discharge power surveyed. 
 
The translation stage was modified from its original 
three-axis configuration, previously used to map 
the plume of a Quad Confinement Thruster [18], to 
a two-axis r-z configuration, in order to survey a 
single radial-axial slice of the axially symmetric 
thruster. The lower centre of gravity of the r-z stage 
probe mount results in higher stability of the probe 
during axial motion compared to the three-axis 
stage. Fig. 6 shows a rendered CAD model for the 
r-z configuration. Each arm of the translation stage 
consists of a Wantai 42BYGHW811 stepper motor 
attached to a threaded rod via flexible couplings. 
As the stepper motor axle rotates, the threaded rod 
forces a translating platform along two guiding rails 
through the action of rotating threads. A vacuum-
compatible material is used for the bearings at 
each end of the threaded rod and the female 
threaded core of the translating platform.  
 
Motion of the probe parallel to the thruster axis is 
controlled by a single arm moving at a maximum 
speed of approximately 11 mm/s, which is itself 
translated in the radial direction by two arms 
moving at a maximum speed of approximately 4 
mm/s. Signals to the stepper motors are controlled 
by an Arduino Mega 2560 microcontroller and 
several open-source “Big Easy Driver” (BED) 
stepper motor driver boards. The Arduino code 
outputs stepping commands (using the open-
source AccelStepper library) based on a list of 
sample coordinates stored on a micro-SD card 
(ported to the Arduino board using an Ethernet 
Shield), which the BEDs convert into the necessary 
stepper motor inputs. The program first reads in 
the coordinates of a sample point, then moves the 
probe to the radial position before inserting it 
axially. Once the probe reaches its target, a signal 
is sent to LabVIEW to begin the probe bias sweep 
procedure. The program then waits for a return 
signal before withdrawing the probe to the origin, 
allowing it to cool before the next measurement. 
Each measurement takes approximately 20 to 30 
seconds to complete. There was no evidence of 
significant probe ablation throughout the 
experimental campaign, probably as a result of the 
low discharge power used. In this first low 
resolution experiment, measurements were taken 
spaced over a 4 x 4 mm grid, in both the annular 
and cylindrical parts of the discharge channel, 
resulting in 79 probe traces. The uncertainty on the 
r and z position is estimated to be ± 1 mm. 
 
Figure 6. Probe translation stage in r-z 
configuration. 
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Before pumping down the chamber, the translation 
stage was first calibrated, in order to set a fixed 
origin from which all subsequent motion could be 
referenced. This involved manual control of the 
translation stage to move the probe to a maximum 
tolerable axial and radial coordinate, as close as 
possible to the thruster anode and outer channel 
wall, with small safety margins. The translation 
stage was then commanded to retract the probe by 
the depth of the discharge channel plus 50 mm in 
the axial direction, followed by the radius of the 
discharge channel in the negative radial direction. 
The resulting position of the probe was stored in 
memory as the origin. It was then possible to 
survey the full extent of the channel, while 
guaranteeing that the probe would not be moved to 
a position beyond the “worst-case” coordinates. 
 
2.4.  Pegasus Vacuum Chamber 
 
The experiment was carried out in the Surrey 
Space Centre’s Electric Propulsion Laboratory, 
using the Pegasus vacuum facility, a 2 m diameter 
x 1.5 m length chamber equipped with a roughing 
pump and cryogenic pump. A typical base 
pressure of 10
-6
 Torr was achieved. During thruster 
operation, 10 sccm Kr was delivered to the anode 
and 7 sccm Kr to a HeatWave HWPES-500 hollow 
cathode electron source, using two Bronkhorst 
mass flow controllers. A high cathode flow rate was 
used in order to prolong the lifetime of the cathode, 
which was designed for much greater current 
output than that demanded by the anode discharge 
in this experiment. As a result, background 
pressure was higher than usual, at around 1.5 x 
10
-3
 Torr. This could pose issues for reliable 
measurements of thruster performance, but was 
not expected to have a significant effect on this first 
measurement of relative changes in plasma 
parameters in the discharge channel. Fig. 7 shows 
the thruster, probe translation stage and cathode 
setup inside the chamber.  
 
 
 
Figure 7. Experimental setup of thruster, cathode 
and probe translation stage in vacuum chamber. 
 
 
 
 
3. RESULTS AND DISCUSSION 
Fig.s 8, 10 and 11 display maps of the plasma 
potential, electron temperature and plasma density 
respectively, as measured using the setup 
described above. The anode is located in the 
annular part of the channel at z = 0, while the 
channel exit is located at z = 49. Between the 
marked sample points the plotted values are 
interpolated on a 1 x 1 mm grid.  
 
 
Figure 8. Plasma potential map. 
 
Fig. 9 shows axial profiles of plasma potential at 
the anode inner and outer radii, and along the 
central axis of the thruster. The uncertainty in the 
plasma potential for each point was estimated to 
be 10 V, based on the estimated error in locating 
the knee. Close to the anode, the potential is close 
to the discharge voltage of 84 V. The potential 
decreases by around 30 V in the annular part of 
the discharge channel, suggesting that the majority 
of the potential drop occurs further downstream, in 
the cylindrical region and beyond the channel exit. 
Similar behaviour has been observed in CHTs with 
annular plus cylindrical geometry, although the 
discharge voltage at 1 A discharge current is much 
lower in this case. Along the central axis, the 
plasma potential does not change significantly 
before the channel exit, an effect also observed in 
CHTs [5, 17].  
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Figure 9. Plasma potential profiles at several radii. 
The transition from annular to cylindrical channel 
geometry is indicated by a dashed line. 
Measurements of plasma density in this 
experiment were dominated by measured values of 
the ion saturation current, which was determined 
from each trace by extrapolating to the floating 
potential a linear fit to the ion saturation region. 
Points close to the anode, corresponding to those 
of highest electron temperature, were found to 
have negative ion saturation current and were 
excluded from the density map. High electron 
temperatures could lead to these anomalous 
negative values for the ion saturation current, as a 
result of an increased likelihood of tail electrons 
being collected by the probe at bias voltages below 
the floating potential.  
 
Away from the anode, the electron temperature is 
highest at the intersection of the annular and 
cylindrical regions. This hot region appears to 
extend into the cylindrical part of the discharge 
channel in a direction perpendicular to the 
magnetic field, where one might expect E x B 
electron drifts. However, it is difficult here to 
conclusively identify this hot region as an E x B 
region, since the plasma potential appears to be 
relatively constant, as opposed to decreasing, in 
the direction perpendicular to the magnetic field. 
The magnitude of the electron temperature across 
the channel is lower than that of the CHT in [17], 
perhaps as a consequence of the lower discharge 
power used in this experiment.  
 
 
Figure 10. Electron temperature map. 
A particularly striking feature is the presence of a 
region of high density on the central axis of the 
thruster. The appearance of this central region of 
high density in the data was not sensitive to the 
number of points selected for the ion saturation fit, 
and was corroborated by photographs of the 
thruster taken during the experiment, such as that 
shown in Fig. 12. A bright blue region of plasma is 
visible on the central axis, close to the central pole 
of the thruster. The measured peak in density of ~ 
5 x 10
18
 m
-3
 is comparable to that of the CHT in 
[17]. Also visible in Fig. 12 is a darkened band of 
the channel wall corresponding to the location of 
the halo cusp layer – similar patterns have been 
observed in cusp regions of other CFTs [7]. 
 
The density is comparatively low in the annular 
region, where a significant fraction of the total 
potential drop occurs. In [19, 20] it was found that 
for CHTs with similar discharge channel 
geometries, the inclusion of an annular part of the 
discharge channel reduces specific impulse and 
thrust efficiency compared to a purely cylindrical 
channel. A similar conclusion might be drawn here 
– it appears that ions are mostly produced in the 
cylindrical region, and that there is a potential 
difference of around 40 V between the anode and 
the region of greatest ionisation. Removing the 
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annular part of the channel may lead to increased 
performance, by raising the potential of the 
dominant ionisation region, and by reducing wall 
losses in a region that might be contributing 
relatively little to total thrust. 
 
 
 
Figure 11. Plasma density map. 
 
 
 
Figure 12. Photograph of thruster during 
experiment. A region of bright blue plasma is 
visible on the central axis. 
 
4. CONCLUSION 
The Halo thruster is a novel CFT under 
development at the Surrey Space Centre, 
University of Surrey. In an electromagnet 
prototype, a toroidal cusp layer, or “halo”, is 
introduced to a magnetic field topology similar to 
that of the CHT, close to the transition between 
annular and cylindrical parts of the discharge 
channel.  
 
Preliminary low resolution maps were produced of 
the plasma potential, electron temperature and 
plasma density within the discharge channel during 
operation at a low power of 84 W, using a 
translating Langmuir probe. These first 
measurements were taken at too low a resolution 
to resolve local changes in plasma parameters in 
the immediate vicinity of the halo, but macroscopic 
trends across larger regions of the discharge 
channel could be resolved. 
 
Potential drops were observed to occur in both the 
annular and cylindrical parts of the channel, with 
more than half of the total potential drop occurring 
in the cylindrical part of the channel. The electron 
temperature was highest close to the anode and at 
the transition from annular to cylindrical channel 
geometry. A region of high plasma density was 
observed on the central axis of the thruster. These 
results are consistent with similar findings for 
annular/cylindrical CHTs, as might be expected 
given the similar magnetic field topology [5, 17].  
 
It is suggested in [19, 20] that ionisation and 
acceleration in thrusters of similar design mainly 
occur after the transition between the annular and 
cylindrical parts of the discharge channel, where 
the radial magnetic field is greatest, and that a 
purely cylindrical geometry should lead to higher 
performance. In this experiment, the measured low 
density in the annular region and increased 
temperature close to the transition from annular to 
cylindrical geometry would appear to support this 
conclusion. 
 
Future experiments will seek to corroborate the 
findings of this preliminary experiment and provide 
further insight into the physics of this new device, 
using more accurate probe diagnostic techniques 
at a higher spatial resolution. In particular, the use 
of a floating emissive probe should allow much 
higher spatial resolution when measuring plasma 
potential, as a result of the elimination of the 
requirement for a bias sweep.  
 
Similar experiments could also be performed using 
a permanent magnet Halo thruster prototype such 
as that shown in Fig. 1, which has a much stronger 
magnetic field and a higher field gradient in the 
halo cusp layer. This might be expected to lead to 
a greater local influence on plasma parameters 
than in the electromagnet prototype. The 
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permanent magnet thruster also possesses a 
purely cylindrical channel geometry, placing the 
halo much closer to the anode, and is neutralised 
by a hollow cathode mounted on the central axis of 
the thruster. These differences could have 
interesting effects on thruster behaviour, given the 
results presented here. 
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